The dynamics of flowering and pollen release in anemophilous plants and the length of the particular phases depend largely on the geobotanical features of a region, its climate, meteorological factors, biological characteristics of vegetation, and abundance of pollen resources. The aim of the study was to determine the relationship between the flowering phases in eight Alnus taxa and the dynamics of occurrence and abundance of airborne pollen grains as well as the meteorological factors (maximum and minimum temperature, relative air humidity, maximum wind speed, and precipitation). The flowering phenophases and pollen seasons were studied in 2008-
INTRODUCTION
35 Alnus species are known to occur primarily in the cool temperate climatic zone of the northern hemisphere. The most common of them are A. glutinosa, A. incana and A. viridis (K r ü s s m a n n , 1976; R e hd e r , 1977; Ball, 1980; Z a j ą c and Z a j ą c , 2001). Most species prefer humid habitats. In the wild, they are found in humid forests, along streams, in river valleys and on the shores of lakes, ponds, and other water bodies. They are monoecious, dioecious, anemophilous trees or shrubs. Male inflorescences are clustered in pendulous cylindrical inflorescences -catkins (Szafer et al. 1986; Seneta and Dolatowski, 2008) . They are formed in the summer of the year preceding flowering (R o d k i e w i c z et al. 1996) . A single flower is composed of 1-4 stamens and a quadripartite, small perianth. One male inflorescence contains an average of 580 flowers. One stamen produces an average of 8,420 pollen grains, whereas one inflorescence 19,534,000. Alder pollen grains are classified as small; they mostly have 5, sometimes 4 or 6 pores with the characteristic thickened exine (arci) between the pores. The dimensions of the grains reach 24.2×18.8 μm (P i o t r o ws k a , 2008). Depending on the species, flowering precedes leaf development (late January, February or early March) or runs concurrently with the appearance of leaves in May (S z a f e r et al. 1986 ).
In the temperate climatic zone, most anemophilous tree species bloom during periods of unstable weather, which results in lack of regularity in the occurrence of successive phenophases in annual cycles (H ä n n i n e n , 1983; L a t t o r e , 1999; W e r y s zk o -C h m i e l e w s k a and P (2010) indicate that these phenomena are, to a larger or lesser extent, interrelated and depend greatly on the geobotanical features and climate of a given region, the taxonomic rank of a particular plant, and the location of pollen sources.
The aims of the study include: (1) phenological observations of flowering of male inflorescences in eight Alnus taxa; (2) identification of relationships between the flowering phenophases in the eight Alnus taxa and some meteorological factors: maximum and minimum temperature, relative air humidity, maximum wind speed, and precipitation; (3) presentation of the pattern of the Alnus pollen seasons in Lublin in the years 2008-2011; (4) comparison of flowering phenophases with the dynamics and abundance of pollen grains in the atmospheric air.
MATERIALS AND METHODS
Flowering of male inflorescences and the pattern of Alnus pollen seasons were studied in 2008-2011. Flowering was observed in the Maria Curie--Skłodowska University Botanical Garden in Lublin and it involved eight taxa (Table 1 and Fig. 1 ). Among these, there were A. glutinosa naturally growing in the humid valley of the Garden and A. incana introduced as seedlings into the Garden from the Bieszczady Mountains. Plants from the other taxa were grown from seeds obtained from various other botanical gardens. The plants reached maturity (Table 1) ; they were fully acclimatized and in good condition, and produced flowers and viable seeds. Alnus crispa var. mollis is the only shrub taxon in the group studied; it reaches a height of 2.5 m. The other taxa are 7-15 m high trees (Table 1) .
Phenological observations of the flowering phases of the eight Alnus taxa (Table 1) Spearman's analysis was employed to compare the flowering phenophases in Alnus male inflorescences with meteorological parameters: maximum and minimum temperature, relative air humidity, maximum wind speed, and precipitation. Spearman's r correlation coefficients were calculated with the use of version 7.1 of the STATISTICA programme (StatSoft Inc., 2007) . The data were obtained from the weather station of the UMCS Institute of Meteorology and Climatology situated 3 km from the sampling site.
The measurement of Alnus pollen fall was done by the gravimetric method with the use of a Durham sampler (D u r h a m , 1964). The sampler was placed in the western part of the city, in the Maria Curie--Skłodowska University Botanical Garden in Lublin (51 o 16'N, 22 o 30'E), 5 metres above ground (220 m AMSL). Pollen fall was expressed as the number of pollen grains per 1cm -2 of slide collected over two days.
RESULTS

Flowering phenology
The length of male inflorescences in the Alnus taxa measured before blooming ranged from 12 to 70 mm (Table 1 and Fig. 1A-H) . The shortest inflorescences were found in the varieties A. crispa var. mollis and A. incana 'Aurea'; they were 14.5 mm on average (Fig. 1A, 1D ). A. subcordata had the longest inflorescences -60 mm on average (Fig. 1H ). During flowering, the inflorescence axis became elongated by approximately 100% (Table 1) . The phenological observations demonstrated that, depending on the taxa and year of study, the onset of flowering (F2) took place between December 7 and April 25; the onset of full bloom (F3-F5) was between December 10 and May 7, and the end of flowering (F7) -between December 29 and May 11 ( Table 2) (Table 2 ). This species is related to A. viridis growing in Poland which also flowers at the turn of April and May.
Spearman's r correlation coefficients
The statistical analysis revealed statistically significant Spearman's r correlation between the flowering rate of male inflorescences in the eight Alnus taxa and maximum and minimum temperature and relative air humidity during the four years of the study. The correlation between flowering dynamics and wind speed and precipitation was insignificant (Table 3) . 
Characteristics of the pollen seasons
The pattern of the Alnus pollen seasons in Lublin in the years 2008-2011 varied substantially (Table 4) (Table 4) . 
Comparison of flowering phenology and pollen release in Alnus
The length of the pollen season ranged from 4.5 to 7 weeks, depending on the year ( Table 4 ). In that period, the majority of the Alnus taxa studied flowered, except for A. subcordata, which bloomed before the recorded pollen season, and A. crispa var. mollis, which flowered after the season (Table 2 and Figs 2-5). Flowering of the taxa usually lasted over two weeks and coincided with various phases of the pollen season. With the exception of A. subcordata and A. crispa var. mollis, the total length was 6 weeks, which largely corresponded to the length of the pollen season (Figs 2-5 ). The picture of the pollen season was under the impact of A. glutinosa and A. incana pollen grains, since they occurred abundantly near the sampling site.
A. glutinosa and A. rubra flowered in the middle of the pollen season and full bloom coincided with the time of maximum concentrations of airborne Alnus pollen. In the case of the other taxa, full bloom did not usually accompany the maximum concentration of pollen grains in the air (Tables 2 and 4) , which was related to the biological features of the taxon. The exception was only the year 2010.
In 2009 and 2011, four of the taxa studied: A. subcordata, A. glutinosa, A. incana and A. rubra, produced considerably fewer or no male inflorescences. These data are consistent with the lower annual sum of airborne pollen grains (Table 4) . Alternate flowering was observed in fully mature trees. Moreover, some of A. glutinosa and A. rubra inflorescences wilted at the top or along the entire length. Tree pollen grains are released at high altitudes, get to the higher layers of the atmosphere and, theoretically, they may be transported over long distances. The transport of pollen grains in the atmosphere depends on their shape and the rate of fall-out. Pollen grains of many tree species are aerodynamically shaped and they remain in the air for a long time, increasing the chance of long distance transport (S z c z e p a n e k , 2003). The gravimetric method more distinctly reveals the effect of local factors on the content of pollen spectra, and particularly on the occurrence of pollen from secondary sources, which is primarily manifested by the presence of out-of-season pollen in the annual cycles.
The genus Alnus is characterized by alternate flowering and fruiting. This is reflected in the periodic fluctuation of fertility ( . Some Alnus species and varieties have exhibited a tendency toward fluctuations in a biennial cycle -strong fruiting during one year was followed by weaker, and then stronger fruiting again. Alternate flowering and fruiting usually occurred in fully mature plants and intensified along with aging. This phenomenon can be observed in trees with a tendency toward production of excessive numbers of fruit (J a n k i e w i c z and L ip e c k i , 2011).
CONCLUSIONS
1. The annual phenological cycles in the early-flowering Alnus taxa differed clearly in terms of the onset of the consecutive phases. The difference between the flowering start dates in 2008-2011 was, on average, 31 days. This phenomenon was undoubtedly related to the different weather conditions prevailing throughout the study years. Flowering of A. crispa var. mollis in the late-spring months did not exhibit such deviations, as the difference between the dates of flowering onset during the 4 years was only 4 days. 2. Statistically significant Spearman's correlations were found between the dynamics of evolution of Alnus male inflorescences and maximum and minimum air temperatures as well as relative air humidity. 3. The analysis of comparative pictures of the occurrence of Alnus pollen grains in the aeroplankton in Lublin showed that their appearance, prevalence, and tendencies in abundance differed significantly between the particular study years. 4. The taxa studied flowered on average 17 days and this coincided with different phases of the pollen season. The maximum concentration of Alnus pollen grains in the air coincided with the full bloom period, mainly of A. glutinosa and A. rubra.
